One striking feature of international portfolio investment is the extent to which equity portfolios are concentrated in the domestic equity market of the investor-the home bias puzzle. In this paper, I examine the role of investors' perception of the risk of foreign investment on their portfolio choices. The expected returns and risk of foreign investment are specified through an asset pricing model with the home portfolio being the benchmark asset-the domestic CAPM of Pastor (2000) . The model serves as a point of reference around which investors can center their prior beliefs. I focus on investors' prior beliefs that are consistent with the literature on confidence in the familiar-foreign equities, in terms of both expected returns and risk, being viewed less favorably than domestic equities. These prior beliefs are then combined with the data on G7 equities, and the revised beliefs are used to obtain the global optimal asset allocation. I find that in order to hold predominantly domestic equities, each G7 investor has to believe that the risk of foreign investment is several times higher than the actual risk. The home bias is more of a puzzle for a Japanese investor in the 1990's and for a US investor in the earlier decades. Specifying investors' prior beliefs around the world CAPM does not help resolve the puzzle.
Introduction
One striking feature of international portfolio investment is the extent to which equity portfolios are concentrated in the domestic equity market of the investor. According to French and Poterba (1991) , the domestic ownership shares of the world's five largest stock markets as of 1990 are: US, 92.2%; Japan, 95.7%; UK, 92%; Germany, 79%; France, 89.4%. The numbers for Italy (Cooper and Kaplanis (1994) ) and Canada (Tesar and Werner (1995) ), are 91% and 93.4%, respectively. This "home bias" runs counter to the well-documented benefits of international diversification. 1 This paper is motivated by recent research that documents confidence in the familiar and hence has some implications on the observed under-diversification. According to Kang and Stulz (1997) , confidence in the familiar is the tendency of investors to exhibit systematic biases in their expectations about returns and risk of assets that they are familiar with vis-à-vis assets that they know little about. Huberman (2001) provides compelling evidence that people invest in the familiar while often ignoring the principles of portfolio theory.
In this paper, I examine the role of investors' perception of the country-specific risk of foreign investment on their portfolio choices. The expected returns and risk of foreign investment are specified through an asset pricing model with the home portfolio being the benchmark asset-the domestic CAPM of Pastor (2000) . The model serves as a point of reference around which investors can center their prior beliefs. 2 I focus on investors' prior beliefs about (1) the intercept term in the asset pricing model that captures the risk-adjusted mean excess return (i.e., the pricing error) in each foreign market; and (2) the variance of the residual in the asset pricing model that represents the country-specific risk of investing in each foreign market. My choices of the prior parameters 1 Several explanations have been suggested in the literature: (1) home assets provide better hedges against home country-specific risks (Adler and Dumas (1983) , and Cooper and Kaplanis (1994)); (2) the costs to diversification exceed the gains (Black (1974) , Stulz (1981) , and Kang and Stulz (1997) ); and (3) there exist systematic differences in return expectations across investors (French and Poterba (1991) , and Uppal and Wang (2002) ). So far no explanation seems to be generally accepted (Uppal (1992) , and Lewis (1999) ). 2 Pastor and Stambaugh (1999) estimate costs of equity capital implied by asset pricing models in a Bayesian setting, and Pastor (2000) approaches portfolio selection in a Bayesian framework that incorporates a prior degree of belief in the domestic CAPM. Both papers use asset pricing models to form informative prior beliefs in financial decision-making rather than to evaluate these models' asset-pricing abilities. This paper follows this line of research.
are consistent with the confidence in the familiar literature-foreign equities are perceived to have zero risk-adjusted excess returns and/or to have country-specific risk that is higher than the actual risk. These prior beliefs are then combined with the data, and the revised beliefs are used to obtain the global optimal asset allocation that maximizes the ex-ante Sharpe ratio.
Using the data on G7 equities over 1971-2000, I find that in order to hold predominantly domestic equities, each G7 investor under my modeling framework has to believe that either the pricing error of the asset pricing model is really small-the prior standard deviation of the pricing error for foreign equities is less than 1% per annum in comparison to the average OLS standard error of the pricing error for foreign equities being about 4% per annum, or the risk of foreign equities is several times higher than the actual risk. Ceteris paribus, a US investor requires the least unfavorable prior beliefs about foreign returns and foreign country-specific risk in order to hold predominantly US stocks. That is, the US investor's prior belief about the pricing error for foreign equities is the most diffuse and/or her perceived risk of foreign investment is the closest to the actual risk. In contrast, a Canadian investor has to believe that the risk of foreign investment is several times higher than what is actually observed in order to hold Canadian stocks. These results are consistent with the observation that the US market is one of the best performing markets over the sample period with the lowest return volatility; whereas the Canadian market has the highest correlation with the US market. So to justify the large holdings of Canadian stocks, the Canadian investor has to put a lot of faith in the domestic portfolio. I perform several robustness checks on my results and find that the home bias is more of a puzzle for a Japanese investor in the 1990's and for a US investor in the earlier decades. Specifying investors' prior beliefs around the world CAPM does not help resolve the puzzle.
There exists an extensive finance literature documenting that people prefer to invest in the familiar. Kang and Stulz (1997) show strong bias against small Japanese firms by foreign investors, and Dahlquist and Robertsson (2001) find that foreigners tend to prefer large Swedish firms. Grinblatt and Keloharju (2001) report that Finnish households are more likely to invest in firms that are located close to them and that communicate in the investor's native language. Along the same line, Goldberg, Heinkel and Levi (2002) show that foreign direct investment is positively associated with human interaction, such as travel and common languages. In the domestic arena, Coval and Moskowitz (1999) report that US fund managers exhibit a strong preference for locally headquartered firms, and Huberman (2001) finds that US households are more likely to invest in their local US Regional Bell Operating Companies rather than some other Regional Bell Operating
Companies.
The fact that there exist systematic differences in return expectations across investors has been recognized in the literature. French and Poterba (1991) compute implied investors' expectations of returns from their actual portfolio holdings and find that to justify the home bias, investors must hold optimistic expectations about their domestic markets and pessimistic expectations about foreign markets. Similar evidence is reported by Kilka and Weber (2000) for some business students from US and Germany, and by Strong and Xu (2001) for fund managers from US, Europe, and Japan. Uppal and Wang (2002) develop a theoretical framework that considers intertemporal portfolio choices given different levels of ambiguity for the return processes. These papers, however, have not explicitly explored the effect of investors' perception of the risk of foreign investment on their portfolio choices-a major contribution of the current paper. This paper is closely related to Pastor (2000) who from a US investor's perspective, explores how asset pricing models can be used in portfolio selection. In this paper, I conduct my analyses from the perspective of each G7 investor, thus I am able to make some cross-country comparison on the relationship between investor confidence and their optimal portfolio holdings. Moreover, I examine the role of investors' perception of foreign market risk, in addition to their return expectations as in Pastor (2000) , on portfolio choices. This paper is also related to Glassman and Riddick (2001) who examine a somewhat different question: how much would variances of returns have to be adjusted in order to account for the observed home asset bias? My work differs from theirs by employing the domestic CAPM and Bayesian inference to investigate the role of different beliefs of investors on their asset allocation.
The rest of the paper is organized as follows. The methodology is developed in Section 2, wherein I present both the model and the prior, explain how I obtain the predictive distribution of returns, and solve for the global optimal portfolio. I discuss the data in Section 3, and report the empirical results in Section 4. Some robustness checks are performed in Section 5, and concluding remarks are offered in Section 6.
Methodology
In the first part of this section, I explain how the expected returns and risk of foreign and domestic equities are specified through the domestic CAPM. In the second part, using the model as a point of reference, I introduce investors' prior beliefs that are motivated by the confidence in the familiar literature. In the third part of this section, I describe how the mean and covariance matrix of the predictive distribution of returns are estimated, and solve for the global optimal asset allocation.
Implementation details are provided in the appendix. For illustration, I take the viewpoint of a US investor throughout the section.
The model
For a US investor who considers investing in the domestic as well as other G7 markets, the excess return in foreign market i, denominated in US dollars, is determined by
where α i is the intercept term capturing the risk-adjusted mean excess return in foreign market i, also called the pricing error or mispricing (Pastor (2000) ), β i is the factor loading, and σ 2 i is the country-specific risk of foreign market i. The choice of the US market portfolio as the benchmark asset in equation (1) is motivated by previous research which measures the benefits of international diversification by testing whether the US market portfolio is globally mean-variance efficient. Henceforth, I will refer the domestic CAPM of Pastor (2000) in equation (1) as the US CAPM. 3 The US CAPM implies that the pricing error α i = 0, i = 1, ..., 6.
In this paper, I approach the portfolio selection problem in a Bayesian framework that incorporates the US investor's prior beliefs about the returns and risk of foreign assets vis-à-vis domestic assets. It is well known that the US investor should invest in any foreign asset whose α is positive, as combining the asset with the US market portfolio increases the portfolio's Sharpe ratio (see Gibbons, Ross and Shanken (1989) ). Thus when there is a dogmatic belief in the US CAPM, i.e., the pricing error α is zero with certainty, the implied optimal allocation of the US investor is to hold only domestic equities. As the US investor's belief in the US CAPM decreases, i.e., she is less certain of the pricing error α being zero, her optimal allocation moves away from the US market portfolio to a combination of the US portfolio and foreign assets. (1) can be written more compactly
The excess return on the benchmark asset is assumed to be distributed as iid Normal,
In the next subsection, I introduce prior beliefs of the US investor about equation (2) that are motivated by the confidence in the familiar literature.
The prior
To account for heterogeneity across foreign markets, the intercept and factor loading parameters of the US CAPM in equation (2) are allowed to differ, subject to a common prior distribution
whose parameters in turn follow their own prior distributions,
where (θ c , Σ c ) are the unknown common mean and covariance matrix, respectively, p(·) denotes the probability density function, and W denotes the Wishart distribution (Poirier (1995) , pp. 136-137).
That is, there is a hierarchy in the prior structure. In this way, the six CAPM equations in equation (2) are embedded in one hierarchical panel data model of Lindley and Smith (1972) . 4 The prior specification for the country-specific risk parameter σ 2 i is
where G denotes the Gamma distribution (Poirier (1995) , pp. 98-99). According to Blattberg and George (1991) , the hierarchical panel data modeling framework adopted in this paper allows for more precise and sensible market-specific estimates of the regression parameters in the US CAPM than the individual OLS estimates. Intuitively, estimates based on the hierarchical modeling framework "shrink" the marketspecific estimators towards one another, thereby reducing some of the undesirable variation of the individual OLS estimates. This reduction is helpful since the optimal portfolio weights are known to be quite sensitive to changes in the expected return estimates (Britten-Jones (1999)). 5 Since the hierarchical prior is imposed on the return parameters of all foreign assets under the US CAPM (see equations (4)-(6)), it only allows returns in the foreign markets to be consistently higher or lower than what is implied by the asset pricing model through the prior on the mispricing term α. In other words, the hierarchical prior is silent about the relative magnitude of returns across different foreign markets. On the other hand, the prior for the country-specific risk σ 2 i is not hierarchical (see equation (7)), it allows the risk in one foreign market to be consistently higher or lower than that in another market through different choices of v0 and c0. assigned to θ 0 , and the prior variance D 0 for the common mean vector is a 2 by 2 diagonal matrix with its second diagonal element taking the value of 100. To examine the effect on the optimal portfolio of a US investor's prior beliefs about the expected returns of foreign assets, I let D 0 [1, 1] vary in the empirical section.
The parameter a 0 is the degrees of freedom parameter of the Wishart prior for Σ −1 c (the inverse of the common covariance matrix for θ i ), and G The parameter v 0 is the degrees of freedom parameter of the Gamma prior for σ
(the inverse of the country-specific risk of foreign market i), and c 0 −1 is the corresponding location parameter.
I set c 0 to 0 and take a rather innovative approach in specifying v 0 . Consistent with the observation that investors tend to impute extra "risk" to foreign or physically distant investment (e.g., French
and Poterba (1991), Kang and Stulz (1997) , and Coval and Moskowitz (1999)), I set v 0 to a negative integer. The rationale behind this choice is that although the US investor observes T i number of returns to compute the country-specific risk σ 2 i in foreign market i, given that she does not know the foreign market as well as the domestic market, she purposely discounts the number of foreign data points T i to (T i + v 0 ) in computing σ 2 i . 6 The ratio
provides a measure of additional risk the US investor attributes to foreign investment. For example, if T i = 372, and v 0 = −100, the US investor perceives the country-specific risk of investing abroad to be 37% ( 100 372−100 ) higher than 6 Barry (1974), Klein and Bawa (1976) , and Brown (1979) show that the extent to which estimation risk makes a difference in portfolio choices depends largely upon the sample size. As the sample size approaches infinity, the optimal portfolio choice with estimation risk converges to that obtained ignoring parameter uncertainty. In this paper, the country-specific risk of investing abroad is modeled by discounting the number of data points used (via the parameter v0) to compute the foreign market risk. That is, the effective number of return observations used to estimate the country-specific risk is the sample size minus v 0 . In this sense, my choice of the prior hyperparameter v0 plays a very different role from changing the sample size in the literature on estimation risk.
what she actually gets from the data. By using different values of v 0 , I can gauge the effect on portfolio choices of the US investor's perception of the country-specific risk in foreign markets-a major contribution of this paper.
The prior on the first two moments of the home assets (µ US , σ 2 US ) is a standard diffuse prior for the parameters of a univariate Normal distribution
In sum, the US investor's confidence in the domestic portfolio being globally efficient is expressed through either small D 0 [1, 1]-the prior variance of no mispricing (α = 0) within the US CAPM, or discounting the number of data points used-via the parameter v 0 -to compute the foreign market risk, or both. In Section 4, I report the optimal domestic asset weights under a spectrum of prior specifications.
The predictive distribution of returns and global optimal asset allocation
Once I have a sample of posterior draws of model parameters (see the appendix for details), I can construct the predictive distribution of returns in G7 markets in the following way. Let r UST +1
denote the next-period US return realization and r iT +1 the next-period return in foreign market i.
Based on a posterior draw of µ US and σ 2 US , I obtain a draw of the next-period return in the US market from r UST +1 ∼ N(µ US ,
. Then based on r UST +1 and a posterior draw of σ 2 i and θ i , I obtain a draw of the next-period return in foreign market i. A large number of such draws
) yields a simulated predictive distribution of the asset returns. The mean and covariance matrix of the joint predictive density of returns on G7 assets, e E and e V , are estimated (to an arbitrary degree of precision) across the set of these predictive draws.
The optimal weights in G7 assets are computed as
where ι 7 is a seven-dimensional vector of ones.
It appears that the US investor's prior beliefs about the returns and risk of foreign assets affect her optimal portfolio weights through the following channel: for given choices of prior parameters, via Bayes' rule, posterior estimates of the US CAPM parameters are obtained; then through the above simulation algorithm, posterior draws of future returns (r UST +1 , {r iT +1 } 6 i=1 ) are obtained;
finally, the mean e E and covariance matrix e V of the predictive return distribution are computed which serve as inputs to the optimal portfolio weights in equation (9).
The Data
The monthly return data are for market indices of G7 countries (Canada, France, Germany, Italy, In this paper, each G7 investor works with returns from different countries denominated in her local currency. To convert the US dollar return indices into the domestic currency of each G7
investor, I use the IFS end-of-period exchange rate (IFS line ae). I subtract the local riskfree rate from the local currency denominated return to obtain the excess return used in my analysis. Due to data availability on the riskfree rates and exchange rates, the sample periods vary across G7. Table 1 reports the summary statistics on excess returns in local currencies of each G7 investor.
Across local currency denominated returns, the French and UK markets tend to have the highest mean and median excess returns, while the Italian market has the highest annualized volatility.
Overall, the US market tends to have the best risk-return trade-off. Similar statistics are provided by French and Poterba (1991) , and Lewis (1999) on the US dollar denominated returns. These numbers reinforce the view that due to large sampling errors, it is difficult to estimate the expected returns precisely. Table 2 gives the correlation matrices of excess returns in local currencies of each G7 investor.
The very high correlation between returns in Canada and returns in US persists no matter what local currency is used to denominate returns. The correlation between returns in Germany and returns in Japan and between returns in Italy and returns in Japan tend to be the lowest over the sample period. I attribute the high US-Canada correlation to their proximity and strong economic ties.
Empirical Results
In the first part of this section, I outline how the empirical results are obtained, and how to assess the prior beliefs of each G7 investor about the returns and risk of foreign investment. In the second part, I offer some discussion and interpretation of my results.
Overview
The domestic CAPM in Section 2.1 is derived from the viewpoint of a US investor, and hence the benchmark asset is the US market portfolio and the model is the US CAPM. For investors from other G7 countries, they will use their own domestic CAPMs. That is, the CAPM for a Canadian investor has the Canadian market portfolio as the benchmark, the CAPM for a French investor has the French market portfolio as the benchmark, and so forth. The CAPM across different foreign assets (i = 1, ..., 6) in equation (2) is estimated all at once for each G7 investor (see the appendix for details) who forms the global optimal portfolio by maximizing the Sharpe ratio as in equation (9).
To examine how strongly each G7 investor must believe in the poor performance of foreign markets in order to justify the level of her domestic equity holdings, I first vary the prior variance Table 3 presents the optimal domestic asset weights for each G7 investor when she holds different beliefs about the asset pricing model and/or the country-specific risk of investing abroad. 9 There are several noteworthy observations about Table 3 .
Portfolio choices under different investor prior beliefs
First, for a given degree of beliefs about the country-specific risk of foreign investment (v 0 ), the less confidence each G7 investor has about the asset pricing model (larger D 0 [1, 1] ), the lower is her holding of domestic equities in the optimal portfolio. For example, in the case of a German investor (Table 3 Panel C), at v 0 = −200, her holding of German stocks in the optimal portfolio decreases from 99% to 52% when the prior standard deviation of the common risk-adjusted mean excess return (α c ) changes from .1% to 5% per annum. In the case of a US investor (Table 3 Panel   G) , no matter what choices of the degrees of freedom parameter v 0 are, as long as the US investor has strong beliefs in the US CAPM, i.e., when the prior standard deviation of α c is no greater than 1% per annum, her optimal portfolio is heavily tilted towards the home equities. Pastor (2000) finds that when the prior standard deviation of the intercept term (α) in the US CAPM is 1% per annum, US investors hold predominantly domestic stocks in their optimal portfolio. The results in Table 3 Panel G are consistent with his findings despite the fact that I consider multiple risky assets in the portfolio choice problem and adopt a different prior structure. 10 Second, for a given level of investor confidence in the asset pricing model (D 0 [1, 1]), the higher country-specific risk each G7 investor perceives of foreign investment (more negative v 0 ), the more bias she has towards domestic equities. In fact, Table 3 shows that when each G7 investor perceives the country-specific risk of foreign investment to be at least several times the data-based estimate Given that I cannot assume a noninformative prior on Σc (Hsiao, Pesaran and Tahmiscioglu (1999)), I choose a0, G0 (the prior parameters for Σc) in a way that the posterior of Σc mainly reflects data information. I call the situation as the G7 investor has almost perfect faith in the asset pricing model and obtain a result consistent with Pastor (2000) : the G7 investor has 100% of her portfolio in domestic equities. This result validates the hierarchical modeling approach adopted in this paper.
in her optimal portfolio only if she holds very strong beliefs about the asset pricing model (i.e., the prior standard deviation of α c = .1% or .5%). The exception is the Canadian investor (Table 3 Panel A) who does not tilt her optimal portfolio towards domestic equities unless she simultaneously holds strong views about the country-specific risk of foreign investment. Specifically, the Canadian investor has to believe that the country-specific risk of foreign investment is at least 1.2 times higher than the data-based estimate.
Finally, the extent of home bias varies across G7 investors with the same prior beliefs about the expected returns and risk of foreign investment, which reflects the different properties of G7 equity returns. Ceteris paribus, the US investor tends to invest the most in domestic equities, while the Canadian investor tends to invest the least. For example, when the prior standard deviation of α c is 1% per annum and v 0 = 0, the US investor would put 55% of her portfolio in US stocks while the Canadian investor would take a short position in her home equities. This result is consistent with the observation made earlier that the US market is one of the best performing markets over the sample period with the lowest return volatility; whereas the Canadian market has the highest correlation with the US market. Other G7 investors are somewhere between these two cases.
So far I have only discussed the optimal domestic asset weights for each G7 investor. While this is understandable, given the paper's focus on home bias. Others might wonder whether it masks some undesirable features of the proposed model. For example, a model is regarded unacceptable if the optimal portfolio derived from it has large short positions in foreign markets. In practice, it would be impossible for an investor to take such positions. I find that the optimal portfolios of each G7 investor derived from my model specification, never require taking large short positions in foreign markets. 11 Britten-Jones (1999) shows that the data by themselves provide little information for international portfolio construction and suggests the use of prior information derived from theory to influence the estimates of an efficient portfolio. In this paper, I employ panel data and investors' prior beliefs about an asset pricing model to reduce the sampling error in estimates of the optimal 11 Results on the optimal foreign holdings of each G7 investor are omitted for brevity, but are available upon request.
portfolio weights. As a result, the optimal portfolio weights using my approach have fewer extreme values than those in Britten-Jones (1999).
Li, Sarkar and Wang (2001) apply Bayesian inference to examine the effect on diversification benefits of portfolio constraints on emerging markets. Their mean-variance efficient portfolio is obtained by diversifying from a benchmark portfolio to an efficient portfolio of all assets when the variance of the efficient portfolio is no greater than the variance of the benchmark portfolio. This is different from our mean-variance efficient portfolio obtained by maximizing the ex-ante Sharpe ratio as in equation (9). The equal variance constraint in Li, Sarkar and Wang (2001) effectively reduces the variation in the efficient portfolio weights. Nonetheless, the optimal portfolio weights obtained in this paper are in general, comparable to theirs. 12 
Additional Investigations

13
The sample in this paper is 31 years long, 1970-2000. One important question to ask is how sensitive the results are to varying the sample period. In other studies, optimal portfolio allocations computed in the early 1990s invariably assign large weights to the Japanese stock market, which outperforms most other markets in the 1970s and 1980s. The superior performance of the US market in the 1990s shifts portfolio preferences back towards US stocks. The ultimate challenge for any international portfolio model is to explain portfolio allocations in these very different time periods. To address variations in optimal portfolio holdings over time, I repeat the analysis in Table   3 first with a sub-sample ending in 1990, then for a US investor on a decade by decade basis. 14 12 The focuses of these two papers are very different. I examine portfolio choices under different prior beliefs of each G7 investor, while Li, Sarkar and Wang (2001) examine the effect on diversification benefits of portfolio constraints on emerging markets. Other than working with different global efficient portfolios, my paper extends Li, Sarkar and Wang (2001) in two dimensions. First, I introduce an asset pricing model as the frame of reference to elicit priors, while Li, Sarkar and Wang (2001) work with noninformative priors about the expectation and covariance matrix of returns directly. Second, I account for parameter uncertainty by using the mean and covariance matrix from the predictive distribution of returns to form the optimal portfolio, while Li, Sarkar and Wang (2001) work with the in-sample moments in their mean-variance analysis.
13 I thank an anonymous referee for suggesting these robustness checks on my results.
14 The focus on the US investor is due to the fact that over the sample period, US experienced the most drastic improvement in the performance of its equity markets. Thus if there were any time variation in model parameters, the portfolio holdings of the US investor are most likely to show it. In fact, results for other G7 investors do not vary Working with the decade by decade sample periods could be useful when the model parameters change over time. Table 4 presents the optimal domestic asset weights for each G7 investor using the sub-sample ending in 1990. The changes from Table 3 are most dramatic for the Japanese investor. Given that the size of this sub-sample is about two thirds of the full sample, to examine effects of the country-specific risk on portfolio allocation, the choices of the prior hyperparameter v 0 , accordingly, are also set at two thirds of those used with the full sample. I find that except for the Japanese investor, each G7 investor has to believe that either the pricing error of the asset pricing model is really small (i.e., the prior standard deviation of the pricing error is less than 1% per annum) or the country-specific risk of foreign investment is several times higher than the actual risk, in order to hold predominantly domestic equities. For the Japanese investor, as her confidence in the asset pricing model decreases (i.e., the prior standard deviation of α c increases holding v 0 constant) or as she perceives lower risk of investing abroad (i.e., the degrees of freedom parameter v 0 increases holding the prior standard deviation of α c constant), the posterior estimates of the risk-adjusted mean excess returns in foreign markets tend to more negative values, indicating poorer performance of foreign stocks relative to Japanese stocks under the asset pricing model. As a result, the optimal domestic asset weights of the Japanese investor increases. In sum, if the mean and covariance matrix of returns are estimated based on the sub-sample ending in 1990, home bias disappears for the Japanese investor. I interpret this result as consistent with the stellar performance of the Japanese market in those years. Table 5 presents the optimal domestic asset weights for a US investor using the decade by decade sub-samples. The changes from Table 3 are apparent in the sub-periods of 1970s and 1990s.
Given that the size of these 10 year sub-samples is roughly one third of the full sample, the choices of the prior hyperparameter v 0 , accordingly, are also set at one third of those used with the full sample. In the sub-period of 1970-1980, ceteris paribus, the optimal domestic asset weights of the as much as those for the US investor, and are not presented for brevity.
US investor are more likely to be negative in comparison to the positive weights in the full sample case. This result is consistent with the fact that during the 1970s, the US market is one of the worst performing markets in the world. As a result, only very strong beliefs in the US CAPM (i.e., small prior standard deviation of α c ) can lead to over-investment in US stocks. By contrast, in the sub-period of 1991-2000, the optimal domestic asset weights of the US investor are over 100% under almost all the prior specifications considered. Intuitively, as the US investor's confidence in the asset pricing model decreases or as she perceives lower risk of investing abroad, the posterior estimates of the risk-adjusted mean excess returns in foreign markets tend to more negative values, indicating poorer performance of foreign stocks relative to US stocks under the US CAPM. As a result, the optimal domestic asset weights of the US investor increases. In other words, if the mean and covariance matrix of returns are estimated based on the sample period 1991-2000, home bias disappears: the US investor takes short positions on most foreign markets in order to invest optimally. I interpret the above result to be driven by the phenomenal bull market in US during the last 10 years. Overall, the results from the decade by decade analysis indicate that the 10-year period is too short to obtain accurate estimates of mean returns, and home bias is more of a puzzle for the US investor in the earlier decades.
Although there are lots of reasons to believe that an international version of the CAPM where the benchmark asset is the world portfolio-hence the world CAPM, does not hold (see Alder and Dumas (1983) and many others, and Pastor (2000) for a recent example), it remains a popular specification. Using the MSCI world portfolio obtained from Datastream as the market portfolio, I examine the home bias in the equity holdings of a US investor. Table 6 presents the optimal domestic asset and world portfolio weights for a US investor under the world CAPM. With strong belief in the efficiency of the world market portfolio (the prior standard deviation of α c = .1%) and the perceived country-specific risk of G7 investment at least 5 times the actual risk (v 0 = −300), the allocation of −2% in the US market portfolio and 103% in the world portfolio amounts to about 60% in US stocks. As the belief in the world CAPM becomes weaker (i.e., as the prior standard deviation of α c increases) and the perceived country-specific risk of G7 investment is the same as the actual risk (the prior standard deviation of α c = 5%, and v 0 = 0), the optimal allocation moves towards 57% in US stocks, and −48% in the world portfolio. Overall, it seems that no prior specification centered at the world CAPM could lead to optimal weights in US stocks that are consistent with the observed allocation, a finding consistent with Pastor (2000) . Introducing model uncertainty about the world CAPM does not help justify the strong home bias of US investors either, as found in Wang (2002).
Conclusions
In this paper, I have developed a framework that allows examining the role of investors' perception of the country-specific risk of foreign investment on their portfolio choices. The expected returns and risk of foreign investment are specified through an asset pricing model with the home portfolio being the benchmark asset. The asset pricing model serves as a point of reference around which investors can center their prior beliefs. This paper focuses on investors' prior beliefs that are consistent with the literature on confidence in the familiar (for example, Kang and Stulz (1997))-foreign equities are perceived to have zero risk-adjusted excess returns and to have country-specific risk that is higher than the actual risk. These prior beliefs are then combined with the data on G7 equities, and the revised beliefs are used to obtain the global optimal asset allocation.
I apply a previously unexplored econometric approach-the hierarchical regression model that accounts for heterogeneity across markets and utilizes panel data-to shed light on the home bias puzzle. Earlier studies of home bias have been criticized for their low power due to the shortage of time series data (Britten-Jones (1999)). Using a hierarchical panel data modeling approach, I
increase the cross-sectional variability in the data, and as a result, obtain more precise parameter estimates for the asset pricing model and stable optimal portfolio weights.
Under my modeling framework I find that in order to hold predominantly domestic equities, each G7 investor has to believe that either the pricing error of the asset pricing model is really small, i.e., the prior standard deviation of the pricing error for foreign equities is less than 1% per annum while the average OLS standard error of the pricing error for foreign equities is about 4% per annum, or the risk of foreign investment is several times higher than the actual risk. The home bias is more of a puzzle for a Japanese investor in the 1990's and for a US investor in the earlier decades. Specifying investors' prior beliefs around the world CAPM does not help resolve the puzzle.
There are several natural extensions to my analyses. First, the asset pricing model in this paper assumes constant risk premium and factor loading, so a plausible extension of the model is to allow risk premium and factor loading varying over time, such as being a function of some state variables (e.g., Harvey (1991), Bekaert and Hodrick (1992) , and Ferson and Harvey (1993) ). In practise, the return series on the domestic asset could be longer than the returns on foreign assets (Stambaugh (1997) ), whereas my model truncates the longer series to implement estimation. A second extension of the paper is to develop a framework that makes use of the longer return series on the domestic asset.
Appendix
To obtain the mean and variance estimates of returns in the home market (US), I simulate draws of the two moments from their posterior distribution using Monte Carlo techniques (see, for example, Zellner (1971) , pp. 224-227). Let r US and σ 2 US be the sample mean and variance of returns in the US market. The marginal posterior distribution p(σ
, and the conditional posterior distribution p(µ US |σ
), where T US is the sample size of the US market. The Bayesian estimates of the mean and variance of US returns are obtained by taking averages of the above draws.
Given the following independent prior specification for the parameters in the asset pricing model (equations (2)),
the posterior density based on equations (2), (4)- (7) and (A1) is
Apparently, the posterior density in equation (A2) does not follow any standard distribution. Therefore, I obtain posterior estimates of θ c , Σ c , {θ i , σ 2 i } 6 i=1 using the Gibbs sampling, a Markov chain Monte Carlo procedure developed by .
Let θ = P 6 i=1 θ i /6, Bayesian estimation of the hierarchical model in equations (2) and (4)- (7) involves taking, in four iterative steps, draws from the following full conditionals , and Li (1999)),
Step 1.
, where e D
Step 2.
, where e D −1
Step 3.
, where e a = 6 + a 0 , e
Step 4. σ
, where
A further examination of these iterative steps reveals that the Bayesian estimate of the countryspecific parameter θ i in the asset pricing model is a weighted average of the OLS estimate and the common mean vector θ c (step 1). Similarly, the common mean vector θ c is a weighted average of the cross-sectional mean θ and the prior mean θ 0 (step 2). As a result, the estimates of This table examines the changes in each G7 investor's holdings of domestic equities when her prior beliefs about the domestic CAPM and/or the country-specific risk of foreign investment vary. Each G7 investor has her own domestic CAPM. That is, the CAPM for a Canadian investor has the Canadian market portfolio as the benchmark, the CAPM for a French investor has the French market portfolio as the benchmark, and so forth. The CAPM across different foreign assets (i = 1, ..., 6) in equation (2) is estimated all at once for each G7 investor who forms the global optimal portfolio by maximizing the Sharpe ratio as in equation (9) . The excess returns in local currencies of each G7 investor are obtained by first converting the MSCI return indices into local currencies, then subtracting the local riskfree rates from them. The sample period is 1970.1 -2000.12 for the Canadian, Japanese, UK, and US investors, 1970.1 -1998.12 for the French investor, 1975 French investor, .7 -1998 for the German investor, and 1977. 3 -1998.12 for the Italian investor. The baseline prior which is the same across G7 investors, is specified as follows: This table examines the changes in each G7 investor's holdings of domestic equities when her prior beliefs about the domestic CAPM and/or the country-specific risk of foreign investment vary. Each G7 investor has her own domestic CAPM. That is, the CAPM for a Canadian investor has the Canadian market portfolio as the benchmark, the CAPM for a French investor has the French market portfolio as the benchmark, and so forth. The CAPM across different foreign assets (i = 1, ..., 6) in equation (2) is estimated all at once for each G7 investor who forms the global optimal portfolio by maximizing the Sharpe ratio as in equation (9) . The excess returns in local currencies of each G7 investor are obtained by first converting the MSCI return indices into local currencies, then subtracting the local riskfree rates from them. The sample period is 1970. 1 -1990 .12 for the Canadian, French, Japanese, UK, and US investors, 1975. 7 -1990 .12 for the German investor, and 1977. 3 -1990 .12 for the Italian investor. The baseline prior which is the same across G7 This table examines the changes in a US investor's holdings of domestic equities when her prior beliefs about the US CAPM and/or the country-specific risk of foreign investment vary. Under the US CAPM, the benchmark asset for all foreign investment is the US market portfolio. The US CAPM across different foreign assets (i = 1, ..., 6) in equation (2) is estimated all at once for the US investor who forms the global optimal portfolio by maximizing the Sharpe ratio as in equation (9 This table examines the changes in a US investor's holdings of domestic equities and the world portfolio when her prior beliefs about the world CAPM and/or the country-specific risk of G7 investment vary. Under the world CAPM, the benchmark asset for G7 investment is the MSCI world portfolio obtained from Datastream. The world CAPM across G7 assets is estimated all at once for the US investor who forms the global optimal portfolio by maximizing the Sharpe ratio as in equation (9 
